Two epidemiologically unrelated carbapenem-resistant Acinetobacter baumannii isolates were investigated as representatives of the first Italian isolates producing the OXA-24 carbapenemase. Both isolates were of European clonal lineage II and carried an identical OXA-24-encoding plasmid, named pABVA01. Comparative analysis revealed that in pABVA01, bla OXA-24 was part of a DNA module flanked by conserved inverted repeats homologous to XerC/XerD binding sites, which in other Acinetobacter plasmids flank different DNA modules, suggesting mobilization by a novel site-specific recombination mechanism.
Acinetobacter baumannii is an opportunistic nosocomial pathogen of increasing clinical relevance (3, 4, 22) . The species is naturally resistant to several antimicrobial agents and exhibits a remarkable propensity to acquire new resistances (4, 14, 22) . Carbapenems are elective agents for treatment of A. baumannii infections, and the emergence of carbapenem-resistant strains is a matter of increasing clinical concern (22, 24) . Acquired class D carbapenemases of the OXA-23, OXA-24 (also named OXA-40), and OXA-58 lineages are playing a major role as determinants of acquired carbapenem resistance in A. baumannii (24) .
In Italy, production of OXA-58 is the dominant carbapenem resistance mechanism in A. baumannii, and several outbreaks caused by OXA-58-producing strains related to European clonal lineage II have been documented (11, 15, 17) , while strains producing OXA-23 and OXA-24 have not been reported. Here we report the characterization of the first Italian isolates of carbapenem-resistant A. baumannii producing the OXA-24 carbapenemase.
( Characterization of OXA-24-positive A. baumannii isolates. In a survey of carbapenemase genes in carbapenem-resistant A. baumannii isolated from several Italian hospitals during the past decade, only two A. baumannii isolates, VA-566/00 and N50, tested positive for bla OXA-24 -like genes by PCR analysis, while they lacked genes for other acquired class D carbapenemases (OXA-23-and OXA-58-like class D carbapenemases) and metallo-␤-lactamases (IMP-, VIM-, or SIM-type metallo-␤-lactamases). The primers and PCR conditions used for the detection of carbapenemase genes are described in Table 1 . VA-566/00 was isolated from an inpatient at a tertiary care hospital in Varese (in northern Italy) in September 2000. No epidemiological links with areas of OXA-24 endemicity could be traced for this patient by analysis of clinical records. N50 was isolated from an inpatient at a general hospital in Rome (in central Italy) in January 2004. In this case, analysis of clinical records revealed a previous history of hospitalization (2 months earlier) in Spain, which is a country where OXA-24 is endemic (20, 24) . Both isolates were from the respiratory tract and had apparently played the role of colonizers. Identification at the species level was performed by automatic identification systems (Phoenix; Becton Dickinson, Sparks, MD; and Vitek-2; bioMérieux, Marcy-l'Etoile, France) and confirmed by PCR detection of bla OXA-51 -like alleles (33) . Susceptibility testing carried out by broth microdilution and interpreted according to CLSI guidelines (8, 9) revealed that both isolates were resistant to all ␤-lactams (including carbapenems), aminoglycosides, and fluoroquinolones. Variable susceptibilities toward colistin and tigecycline were observed (Table 2). PCR performed with the primers described in Table 1 revealed ISAba1 upstream of the resident bla ADC gene but not upstream of the resident bla OXA-51 -like gene in both isolates, suggesting that bla OXA-51 -like gene overexpression was not involved in the carbapenem resistance phenotype.
Multiplex PCR for the definition of A. baumannii sequence groups, which has been proven to be a useful method for assigning isolates to major clonal lineages (31, 32) , was performed using ompA, csuE, and bla OXA-51 -like target genes as described previously (32) . PCR amplicons were purified by using a Wizard PCR purification kit (Promega, Madison, WI) and were sequenced on both strands, using custom primers at an external sequencing facility (Macrogen, Seoul, Korea). Genotyping by macrorestriction analysis of ApaI-digested A.
baumannii genomes was performed by pulsed-field gel electrophoresis (PFGE) as previously described (28), using a CHEF mapper (Bio-Rad, Hemel Hempstead, United Kingdom). PFGE profiles were interpreted according to the criteria proposed by Tenover et al. (30) , with a difference of six bands or less used to define epidemiological relatedness, and were analyzed by BioNumerics software (Applied Maths, Kortrijk, Belgium). A. baumannii RUH875 and RUH134 were used as reference strains representative of European clonal lineages I and II, respectively (12, 21) . A. baumannii isolates VA-900/05, N33, and N40, obtained from the same hospitals in which the OXA-24-producing isolates were detected, were used as representatives of the major carbapenem-resistant OXA-58-producing clone spreading in Italy. N33 and N40 showed close genetic relatedness to the OXA-58-producing prototypic Italian strain ACICU (11, 17) .
Sequencing of the ompA, csuE, and bla OXA-51 -like alleles showed that VA-566/00 belonged in sequence group 1 (allelic profile 1-1-1), similar to RUH134 and the OXA-58 producers VA-900/05, N33, and N40 used for comparison, while N50 belonged in a variant of sequence group 1 called group 4, which does not yield an amplicon for the csuE allele (31) (Fig.  1A ). As expected, RUH875 yielded results typical of sequence group 2, with an allelic profile of 2-2-2. The ApaI macrorestriction profiles of genomic DNA confirmed that the two OXA-24-positive isolates were related to each other (a difference of four bands) and, although to a lower extent, to RUH134 and the OXA-58-producing isolates from the same hospitals (differences of six to seven bands) (Fig. 1B) . The topology of the dendrogram highlighted two major clusters at a similarity threshold of at least 82.4%, which differentiated the OXA-24-producing isolates from the OXA-58-producing isolates. Moreover, both clusters were related, having a 74.2% similarity with the prototypic strain RUH134 (Fig. 1B) . Altogether, these results demonstrate a genetic correlation between the two OXA-24-producing isolates and that they belong to European clonal lineage II.
Genetic support of bla OXA-24 . Plasmid extraction from VA-566/00 and N50, carried out with a Wizard Plus SV Minipreps DNA purification system (Promega), revealed in both cases the presence of a small plasmid, which in a Southern blotting experiment (27) hybridized to a bla OXA-24 probe (data not shown). The plasmid from VA-566/00, named pABVA01, was transferred to RUH134 by electroporation, using a Gene Pulser apparatus (Bio-Rad). Competent cells were prepared as described for Escherichia coli (27) . Transformants were selected on LB agar supplemented with imipenem (4 mg/liter). The carriage of bla OXA-24 in the transformants was confirmed by PCR. The RUH134(pABVA01) transformants showed high MICs of carbapenem (similar to those for parent strain VA-566/00), while their susceptibilities to other agents, including ceftazidime, were not affected ( Table 2 ), confirming that OXA-24 is not active on this substrate (6) . Ceftazidime resistance in the original host was likely related to overexpression of the bla ADC cephalosporinase gene due to upstream insertion of ISAba1.
The nucleotide sequence of pABVA01 was determined on both strands by a primer-walking technique with a purified plasmid preparation. Plasmid pABVA01 is 8,963 bp long and carries eight open reading frames (ORFs) ( Table 3 , Fig. 2A ). PCR mapping, followed by restriction analysis of amplicons and partial sequencing, showed that the plasmid obtained from N50 was indistinguishable from pABVA01 (data not shown).
In particular, the nucleotide sequence of the region encompassing bla OXA-24 and its flanks ( Fig. 2A) was identical.
Structure of plasmid pABVA01 and context of bla OXA-24 . Comparative analysis with other sequenced Acinetobacter plasmids revealed that the genetic organization of pABVA01 was overall very similar to that of p2ABAYE (35) and pAB0057 (1), two small Acinetobacter plasmids previously detected in French and American clinical isolates, respectively. The major differences between pABVA01 and these plasmids were found in the replicon region (the iteron and repB region of pABVA01 are more divergent; the 3Ј end of the repA gene of pABVA01 carries a 7-bp deletion resulting in a premature stop codon) and in the region containing bla , which in the other plasmids was replaced by unique regions of different size and composition (Fig. 2B) .
A similar arrangement of intervening DNA modules inserted at the same position suggested the occurrence of a conserved recombination site where different DNA modules could be inserted by a site-specific recombination mechanism. Analysis of the sequences at the recombination junctions revealed, on both sides, the presence of conserved inverted repeats (IRs) separated by a 6-bp variable region (Fig. 2C) . These structures, which partially overlap the previously de- on October 23, 2017 by guest http://aac.asm.org/ scribed Re27-1 and Re27-2 regions associated with bla OXA-58 (23, 36) , share high homology with dif-like binding sites that act as targets of the XerC and XerD recombinases that normally convert plasmid and chromosome dimers to monomers during cell division (29) . XerC and XerD proteins and cognate recombination sites are also involved in other site-specific recombination mechanisms such as the integration of phage CTX-⌽ at the dif1 site of the larger chromosome of Vibrio cholerae (34) and have also been exploited for artificial gene excision by site-specific recombination in E. coli and Bacillus subtilis (5) . Interestingly, the conserved IRs homologous to the XerC/XerD binding sites were found to flank not only different DNA modules in related Acinetobacter plasmids but also the bla OXA-24 gene in the partially sequenced plasmid pAB02 and in the chromosome of strain RYC 52763/97 (6) (Fig. 2C) . Altogether, these findings suggest that the XerC/XerD-like sites could act as site-specific recombination targets responsible for the mobilization of discrete DNA modules within Acinetobacter plasmids and chromosomes and that bla OXA-24 could be mobilized by a similar mechanism. Concluding remarks. To the best of our knowledge, this is the first description of carbapenem-resistant A. baumannii iso- lates carrying the bla OXA-24 determinant from Italy. The two isolates have a common ancestry and carry the same OXA-24-encoding plasmid, but they are not identical by PFGE profile and sequence type, which suggests a history of independent acquisition of the same resistance plasmid by the two related strains. Analysis of the genetic context of bla OXA-24 did not reveal structures typically involved in DNA mobilization (insertion sequences or other genes encoding known recombinases). However, bla OXA-24 was carried on a DNA module inserted between conserved inverted repeats homologous to XerC/XerD binding sites, which, in other plasmids, flank DNA modules of different sizes and compositions. This finding suggests the occurrence of a novel site-specific recombination mechanism that could play a role in the plasticity of Acinetobacter plasmids and in the mobilization of resistance genes. Nucleotide sequence accession number. The nucleotide sequence determined in this work has been submitted to the EMBL/DDBJ/GenBank database and assigned accession number FM210331.
